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PROBLEM TO BE SOLVED: To provide a semiconductor 
device and its manufacturing method by which thinning 
of a silicide film can be prevented, a film be made 
uniform in thickness, and a silicide be made low in 
resistance. 

SOLUTION: This semiconductor device is provided with 
a gate polysilicon film 109, an oxide film 106 on the side 
of gate polysilicon which is lower in height that the side 
surface of the gate polysilcon film 109, a side wall 108 
which is higher in height than the oxide film 1 06 and gate 
polysilicon film 109 and is formed on the side of the 
oxide film 106, and a silicide film 111 which is formed on 
the upper surfaces of the gate polysilicon film 109 and 
oxide film 106 while using the side wall 108 as a wall. 



r . I*' * 



0b> 





LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiners decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiners decision 
of rejection] 



01.02.2001 



3429208 
1 6.05.2003 



http://www1 9.ipdl jpo.go.jp/PA1 /result/detail/main/wAAANKaWfDDA41 21 50879P... 2004/04/09 



Searching PAJ 



2/2 i> 



[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Office 



http://www1 9.ipdl jpo.go.jp/PA1 /result/detail/main/wAAANKaWfDDA41 21 50879P... 2004/04/09 



1/2 K— v? 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In a semiconductor device (a) gate polish recon film and the gate polish recon side- 
face oxide film of height lower than the height of the side face of (b) this gate polish recon film, 
(c) The sidewall which is higher than the height of this gate polish recon side-face oxide film, and 
is formed in the flank of this gate polish recon side-face oxide film, (d) Semiconductor device 
characterized by providing the silicide film formed in the front face of said gate polish recon film 
by using this sidewall as a wall. 

[Claim 2] The semiconductor device characterized by being Hg>Hs, Hsw>Hs, and Hts>=Hg-Hs in 
a semiconductor device according to claim 1 when setting the height of said gate polish recon 
film, a sidewall, a gate polish recon side-face oxide film, and the silicide film to Hg, Hsw, Hs, and 
Hts, respectively. 

[Claim 3] The process which etches the gate polish recon film by using the (a) 1st insulator layer 
as a mask in the manufacture approach of a semiconductor device, (b) The process which forms 
the 2nd insulator layer in the side face of said gate polish recon film, (c) The process which 
forms a sidewall by the 3rd insulator layer, all the 1 st insulator layer of the (d) aforementioned 
mask, and the process which removes alternatively the upper part of the 2nd insulator layer of 
the side face of said gate polish recon film, (e) The manufacture approach of the semiconductor 
device characterized by giving the process which forms silicide in the front face of the gate 
polish recon film, and the front face of a source drain diffusion layer by heat-treating after 
depositing a metal membrane. 

[Claim 4] The manufacture approach of the semiconductor device characterized by making said 
the 1st insulator layer and 2nd insulator layer into silicon oxide, and making said 3rd insulator 
layer into a silicon nitride in the manufacture approach of a semiconductor device according to 
claim 3. 

[Claim 5] For the thermal oxidation film and said 3rd insulator layer, the PSG film, the BSG film 
or the BPSG film, and said 2nd insulator layer are the manufacture approach of the 
semiconductor device characterized by said 1st insulator layer being NSG film in the 
manufacture approach of a semiconductor device according to claim 3. 

[Claim 6] The process which forms the 1 st insulator layer in the side face and top face of this 
gate polish recon film in the manufacture approach of a semiconductor device after etching (a) 
gate polish recon film, (b) It is left [ process which forms a sidewall by the 2nd insulator layer, 
and / a part of ] behind whether the 1 st insulator layer on said top face of the gate polish recon 
film is removed at the time of the (c) aforementioned sidewall formation. The process which 
leaves only the 1 st insulator layer of the side face of said gate polish recon film, and the process 
which removes alternatively the upper part of the 1 st insulator layer of the side face of the (d) 
aforementioned gate polish recon film, (e) The manufacture approach of the semiconductor 
device characterized by giving the process which forms silicide in the front face of the gate 
polish recon film, and a source drain diffusion layer front face from heat-treating after depositing 
a metal membrane. 
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[Claim 7] It is the manufacture approach of the semiconductor device characterized by for said 
1st insulator layer being silicon oxide, and said 2nd insulator layer being a silicon nitride in the 
manufacture approach of a semiconductor device according to claim 6. 

[Claim 8] It is the manufacture approach of the semiconductor device characterized by for said 
1st insulator layer being the PSG film, the BSG film, or BPSG film, and said 2nd insulator layer 
being NSG film in the manufacture approach of a semiconductor device according to claim 6. 
[Claim 9] The manufacture approach of the semiconductor device characterized by using the 
high spatter of the rectilinear^propagation nature of metal particles for metaled deposition in the 
manufacture approach of a semiconductor device according to claim 3 or 6. 
[Claim 10] The manufacture approach of the semiconductor device characterized by using a 
collimation spatter or the long slow spatter method as a high spatter of said rectilinear- 
propagation nature in the manufacture approach of a semiconductor device according to claim 9. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a semiconductor device and its manufacture 
approach, and relates to the structure of a MOS transistor where thickness has the silicide film 
of uniform and low resistance especially, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Conventionally, as a technique of such a field, there was a thing as 
shown in JP,9-23008,A, for example. 

[0003] By detailed-ization of a semiconductor device, the high accumulation of LSI and 
improvement in the speed are progressing. On the other hand, increase of the gate, the source, 
and drain resistance poses a problem for detailedHzing of this semiconductor device. 
[0004] Then, in order to solve this problem, the so-called salicide process which can carry out 
[ low **** ]-izing of the gate, the source, and the drain to coincidence attracts attention. 
[0005] However, there was a fault that the silicide on the gate and the silicide on the source and 
a drain will connect too hastily, by thin filmHzation of the sidewall accompanying etching for too 
much sidewall formation, and detailedHzing of a component 

[0006] Then, in order to solve the problem, the salicide process shown below was able to be 
considered. 

[0007] Drawing 6 is the production process sectional view of this conventional semiconductor 
device, and explains a salicide process. 

[0008] (1) it is first shown in drawin g 6 (a) — as — a known technique — using — the Si (100) 
substrate 1 1 — LOCOS — by law, form 400nm field oxide 12 and divide an active field. Next, 
after oxidizing an active field thermally and forming 16nm gate oxide 13, the 300nm polish recon 
film is deposited, and it is 900-degree C PoCI3. Polish recon film Helin is diffused in an ambient 
atmosphere. After depositing the 200 morenm PSG film, these polish recon film and the PSG film 
are processed into the pattern of gate wiring, and the PSG film 21 and the polish recon film 14 
are formed. 

[0009] Next, these PSGs film 21, the polish recon film 14, and silicon oxide 12 are used as a 
mask, and it is P+. The ion implantation of the ion is carried out to the Si substrate 1 1 with the 
acceleration energy of 30keV(s), and the dose of 2x1013cm-2, and it is N as a LDD layer. - A 
diffusion layer 1 5 is formed. 

[0010] (2) Next make a 220nm silicon nitride deposit the whole surface on the Si substrate 1 1 
with a CVD method, as shown in drawin g 6 (b), and it is the top face and N of the PSG film 21. - 
Etchback of the whole surface of the silicon nitride 22 is carried out until the front face of a 
diffusion layer 15 is completely exposed, and the side attachment wall which consists of this 
silicon nitride 22 is formed in the side face of the polish recon film 14 and the PSG film 21. 
[001 1] (3) Next, as shown in drawin g 6 (c), by dipping the Si substrate 1 1 into a dilution fluoric 
acid solution, remove alternatively the PSG film 21 on the polish recon film 14, and expose the 
top face of the polish recon film 14. Since the etch rate of the PSG film 21 by the dilution fluoric 
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acid solution is about 10 times quick compared with the silicon oxide 12 formed by thermal 
oxidation and it is 100 or more times quick compared with the silicon nitride 22 or the polish 
recon film 14, the PSG film 21 is alternatively removable as mentioned above. 
[0012] Then, the polish recon film 14, the silicon nitride 22, and silicon oxide 12 are used as a 
mask, and it is As+. The ion implantation of the ion is carried out to the Si substrate 1 1 with the 
acceleration energy of 50keV(s), and the dose of 3x1015cm-2, 1050 degrees C and high-speed 
annealing for 1 0 seconds are performed in nitrogen-gas-atmosphere mind, and it is N+ as a 
source drain diffusion layer. A diffusion layer 1 7 is formed. 

[0013] (4) Next, thickness makes Ti film which is 30nm deposit the whole surface on the Si 
substrate 11. And the top face and N+ of the polish recon film 14 which performed 600 degrees 
C and high-speed annealing for 30 seconds in nitrogen-gas-atmosphere mind, and has been 
exposed from silicon oxide 12 and the silicon nitride 22 The front face and Ti film of a diffusion 
layer 1 7 are made to react, and it is TiSi2. The film is formed. Then, as Ti film which remains 
while it has been unreacted on silicon oxide 12 and the silicon nitride 22 is alternatively removed 
by the ammonia, filtered water, 800 degrees C and high-speed annealing for 30 seconds are again 
performed in nitrogen and it is shown in drawing 6 (d), they are the top face of the polish recon 
film 14, and N+. TiSi2 of low resistance [ the front face of a diffusion layer 17 ] The film 23 is 
formed. 
[0014] 

[Problem(s) to be Solved by the Invention] However, by the above-mentioned conventional 
manufacture approach, silicide-ization was checked in the sidewall and the gate polish recon 
interface, and there was a fault that uniform silicide was not formed (refer to JP,7-45823,A). 
[0015] this invention removes the above-mentioned trouble and thin film-ization of silicide 
prevents it — having — thickness — homogeneity — becoming — low — it aims at offering the 
semiconductor device which can form silicide [ **** ], and its manufacture approach. 
[0016] 

[Means for Solving the Problem] This invention is set to [1] semiconductor device, in order to 
attain the above-mentioned purpose. The gate polish recon film and the gate polish recon side- 
face oxide film of height lower than the height of the side face of this gate polish recon film, It is 
higher than the height of this gate polish recon side-face oxide film, and the sidewall formed in 
the flank of this gate polish recon side-face oxide film and the silicide film formed in the front 
face of said gate polish recon film by using this sidewall as a wall are provided. 
[0017] [2] In the semiconductor device of the above-mentioned [1] publication, when the height 
of said gate polish recon film, a sidewall, a gate polish recon side-face oxide film, and the silicide 
film sets to Hg, Hsw, Hs, and Hts, respectively, they are Hg>Hs, Hsw>Hs, and Hts>=Hg-Hs. 
[0018] [3] The process which etches the gate polish recon film by using the 1st insulator layer 
as a mask in the manufacture approach of a semiconductor device, The process which forms the 
2nd insulator layer in the side face of said gate polish recon film, The process which forms a 
sidewall by the 3rd insulator layer, all the 1st insulator layer of said mask, and the process which 
removes alternatively the upper part of the 2nd insulator layer of the side face of said gate 
polish recon film, It is made to give the process which forms silicide in the front face of the gate 
polish recon film, and the front face of a source drain diffusion layer by heat-treating, after 
depositing a metal membrane. 

[001 9] [4] In the manufacture approach of the semiconductor device the above-mentioned [3] 
publication, make said the 1 st insulator layer and said 2nd insulator layer into silicon oxide, and 
let said 3rd insulator layer be a silicon nitride. 

[0020] [5] In the manufacture approach of the semiconductor device the above-mentioned [3] 
publication, said 1 st insulator layer is [ the thermal oxidation film and said 3rd insulator layer of 
the PSG film, the BSG film or the BPSG film, and said 2nd insulator layer ] NSG film. 
[0021] [6] The process which forms the 1st insulator layer in the side face and top face of said 
gate polish recon film in the manufacture approach of a semiconductor device after etching the 
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gate polish recon film, It is left [ process which forms a sidewall by the 2nd insulator layer, and / 
a part of] behind whether the 1st insulator layer on said top face of the gate polish recon film is 
removed at the time of said sidewall formation. The process which leaves only the 1st insulator 
layer of the side face of said gate polish recon film, and the process which removes alternatively 
the upper part of the 1 st insulator layer of the side face of said gate polish recon film, It is made 
to give the process which forms silicide in the front face of the gate polish recon film, and a 
source drain diffusion layer front face from heat-treating, after depositing a metal membrane. 
[0022] [7] In the manufacture approach of the semiconductor device the above-mentioned [6] 
publication, said 1 st insulator layer is silicon oxide, and said 2nd insulator layer is a silicon nitride. 

[0023] [8] In the manufacture approach of the semiconductor device the above-mentioned [6] 
publication, said 1st insulator layer is the PSG film, the BSG film, or BPSG film, and said 2nd 
insulator layer is NSG film. 

[0024] [9] Use the high spatter of the rectilinear-propagation nature of metal particles for 
metaled deposition in the manufacture approach of a semiconductor device the above [3] or 
given in [6]. 

[0025] [10] Use a collimation spatter or the long slow spatter method as a high spatter of said 
rectilinear^propagation nature in the manufacture approach of the semiconductor device the 
above-mentioned [9] publication. 
[0026] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to 
a detail. 

[0027] Drawing 1 is drawing for explaining the salicide process which shows the 1st example of 
this invention, and is process drawing roughly shown with the sectional view. 
[0028] (1) it is first shown in drawing 1 (a) — as — a known technique — using — the Si (100) 
substrate 101 — LOCOS — form 400nm field oxide 102 by law, and divide an active field. 
[0029] Next, after oxidizing an active field thermally and forming 16nm gate oxide 103, the 300nm 
polish recon film is deposited. After depositing the 200 morenm PSG film, these polish recon film 
and the PSG film are processed into the pattern of gate wiring, and the polish recon film 104 and 
the PSG film 105 are formed. Next, 30nm silicon oxide 106 is formed in a gate side face by 
thermal oxidation. 

[0030] Subsequently, these PSG film 105, the polish recon film 104, and silicon oxide 106 are 
used as a mask, and it is P+. The ion implantation of the ion is carried out to the Si substrate 
101 with the acceleration energy of 30keV(s), and the dose of 2x101 3cm-2, and it is N as a LDD 
layer. - A diffusion layer 107 is formed. 

[0031] (2) Next, carry out etchback of the whole surface of a silicon nitride until it makes a 
220nm silicon nitride deposit the whole surface on the Si substrate 101 with a CVD method, next 
the top face of the PSG film 105 and the front face of the N-diffusion layer 107 are completely 
exposed, as shown in drawing 1 (b), and form in the side face of the polish recon film 104 and the 
PSG film 105 the sidewall 108 which consists of this silicon nitride. 

[0032] (3) Next, as shown in drawing 1 (c), by dipping the Si substrate 101 into a dilution fluoric 
acid solution, remove alternatively the PSG film 105 on the polish recon film 104, expose the top 
face of the polish recon film 104, also remove the upper part of the silicon oxide 106 which 
continued UETTOETCHI further and was formed in the side face of the polish recon film 104, 
and expose the both ends of the upper part of the polish recon film 1 04. 

[0033] Since it is about 10 times quick compared with the field oxide 102 and silicon oxide 106 
which were formed by thermal oxidation and 100 or more times quick compared with a sidewall 
(silicon nitride) 108 or the polish recon film 104, the etch rate of the PSG film 105 by the dilution 
fluoric acid solution can remove the PSG film 105 alternatively as mentioned above, and are not 
all the silicon oxide 106 and can remove only the upper part. What is necessary is just to perform 
wet etching processing for about 1 minute succeedingly after removing the PSG film 105 with HF 
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solution 5%, supposing it makes 300A of upper parts of silicon oxide 106 remove. 
[0034] (4) It is As+ as shown in drawing 1 (d) after that. The ion implantation of the ion is carried 
out to the polish recon film 104 and the Si substrate 101 with the acceleration energy of 50keV 
(s), and the dose of 3x1015cm-2, 1050 degrees C and high-speed annealing for 10 seconds are 
performed in nitrogen-gas-atmosphere mind, and the gate polish recon film 109 and the source 
drain diffusion layer (N+ diffusion layer) 110 are formed. 

[0035] (5) Next, make 30nm Ti film deposit the whole surface on the Si substrate 101, as shown 
in drawing 1 (e). And perform 600 degrees C and high-speed annealing for 30 seconds in 
nitrogen-gas-atmosphere mind, the top face of the gate polish recon film 109 exposed from field 
oxide 102 and a sidewall 108 and the front face of the source drain diffusion layer 110, and Ti 
film are made to react, and it is TiSi2. The film is formed. 

[0036] (6) Remove alternatively after that Ti film which remains while it has been unreacted on 
field oxide 102 and a sidewall 108 by the ammonia filtered water, perform 800 degrees C and 
high-speed annealing for 30 seconds in nitrogen again, and they are the top face of the gate 
polish recon film 109, and N+. TiSi2 of low resistance [ the front face of a diffusion layer 110] 
The film 1 1 1 is formed. 

[0037] In the above-mentioned process, it is characteristic to have exposed without the both 
ends of the gate polish recon film 109 upper part touching a sidewall 108. For this reason, it sets 
to the both ends of the gate polish recon film 109 upper part, and is TiSi2. The film 1 1 1 stops 
thin-film-izing, and it is TiSi2. Since the film 1 1 1 is formed in homogeneity, it becomes low 
resistance. 

[0038] Moreover, the sidewall 108 upper part is higher than the gate polish recon film 109 upper 
part, and since the slot is formed between the gate polish recon film 109 and a sidewall 108, 
worries about the short circuit between the gate by the overgrowth of silicide, the source, and a 
drain disappear. 

[0039] thus — since thin film-ization of the silicide in the both ends of the gate polish recon film 
upper part can be prevented according to the 1st example — thickness — homogeneity — 
becoming — low — it becomes possible to form silicide [ **** ]. 

[0040] Moreover, worries about the short circuit between the gate by the overgrowth of silicide, 
the source, and a drain disappear. 

[0041] In addition, although explained taking the case of Ti silicide, Co silicide or nickel silicide is 
also available for this with the above-mentioned example. Moreover, the PSG film as a gate 
etching mask is not cared about as other oxide films. 

[0042] Furthermore, formation of the silicide film of the gate polish recon section is explained to 
a detail using drawing 2 . 

[0043] Drawin g 2 is drawing for explaining the formation process of the silicide film of the gate 
polish recon section which shows the 2nd example of this invention, and is process drawing 
roughly shown with the sectional view. 

[0044] The polish recon film 104 of the 1st example shown in drawin g 1 in this example, the 
silicon nitride (side attachment wall) 108, the gate polish recon side-face oxide film 106, and 
TiSi2 When setting the height of the film 1 11 to Hg, Hsw, Hs, and Hts, respectively, the structure 
used as Hg>Hs, Hsw>Hs, and Hts>=Hg-Hs is the description. 

[0045] Thus, according to the 2nd example, since silicide stops thin-film-izing at the time of the 
silicide formation which continues since the gate polish recon film 109 upper part and a sidewall 
108 are separated spatially and silicide is formed in homogeneity in the both ends of the gate 
polish recon film 109 upper part at it, it becomes low resistance. Furthermore, since the slot is 
formed between the gate polish recon film 109 and a sidewall 108, it is TiSi2. Worries about the 
short circuit between the gate by the overgrowth of the film 111, the source, and a drain 
disappear. 

[0046] In addition, although this example explained the sidewall which consists of a silicon nitride, 
silicon oxide is sufficient as this. 
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[0047] Next, the 3rd example of this invention is explained. 

[0048] In this example, it is the same as that of the 1st example except the spatter process of 
metal. That is, in this example, the high spatter of the rectilinear^propagation nature of metal 
particles is used for metaled deposition, for example, metaled membrane formation — a 
collimation spatter or a long slow spatter — using — thin-film-izing of silicide — protecting — 
low — TiSi [ **** ]2 The film shall be formed, that is, membrane formation of Ti in the drawin g 1 
(e) process shown in the 1st example — a collimation spatter or a long slow spatter — using — 
thin-film-izing of silicide — protecting — low — TiSi [ **** ]2 The film can be obtained. 
[0049] Thus, according to the 3rd example, since the collimation spatter or the long slow spatter 
was used for membrane formation of Ti, step coverage improves, therefore — since thin film- 
ization of the metal formed on the gate polish recon film can be prevented — the former — low 
— TiSi [ **** ]2 It becomes possible to form the film. 

[0050] Moreover, although explained taking the case of Ti silicide, Co silicide or nickel silicide is 
also available for this with this example. 

[0051] Next, the 4th example of this invention is explained. .„ 

[0052] Drawing 3 is drawing for explaining the salicide process which shows the 4th example of 
this invention, and is process drawing roughly shown with the sectional view. 
[0053] (1) it is first shown in drawing 3 (a) — as — a known technique — using — the Si (100) 
substrate 201 — LOCOS — form 400nm field oxide 202 by law, and divide an active field. Next 
after oxidizing an active field thermally and forming 16nm gate oxide 203, the 300nm polish recon 
film is deposited. After depositing the 200 morenm PSG film, these polish recon film and the PSG 
film are processed into the pattern of gate wiring, and the polish recon film 204 and the PSG film 
205 are formed. 

[0054] Next, 30nm silicon oxide 206 is formed in a gate side face by thermal oxidation. These 
PSG film 205, the polish recon film 204, and silicon oxide 206 are used as a mask, and it is P+. 
The ion implantation of the ion is carried out to the Si substrate 201 with the acceleration 
energy of 30keV(s), and the dose of 2x1013cm-2, and it is N as a LDD layer. - A diffusion layer 

207 is formed. 

[0055] (2) Subsequently, as the 220nm NSG film (non dope oxide film) is made to deposit the 
whole surface on the Si substrate 201 with a CVD method and it is shown in dra win g 3 (b), it is 
the top face and N of the PSG film 205. - Etchback of the whole surface of the NSG film is 
carried out until the front face of a diffusion layer 207 is completely exposed, and the sidewall 

208 which consists of this NSG film is formed in the side face of the polish recon film 204 and 
the PSG film 205. 

[0056] (3) Next, as shown in drawing 3 (c), by dipping the Si substrate 201 into a dilution fluoric 
acid solution, remove alternatively the PSG film 205 on the polish recon film 204, expose the top 
face of the polish recon film 204, also remove the upper part of the silicon oxide 206 which 
continued UETTOETCHI further and was formed in the side face of the polish recon film 204, 
and expose the both ends of the polish recon film 204 upper part. 

[0057] Since it is about 10 times quick compared with silicon oxide 206 and the NSG film 208 
which were formed by thermal oxidation and 100 or more times quick compared with the polish 
recon film 204, the etch rate of the PSG film 205 by the dilution fluoric acid solution can remove 
the PSG film 205 alternatively as mentioned above, and are not all the silicon oxide 206 and can 
remove only the upper part. What is necessary is just to perform wet etching processing for 
about 1 minute succeedingly after PSG film 205 removal with HF solution 5%, supposing it makes 
300A of upper parts of silicon oxide 206 remove. 

[0058] (4) It is As+ as shown in drawin g 3 (d) after that The ion implantation of the ion is carried 
out to the polish recon film 204 and the Si substrate 201 with the acceleration energy of 50keV 
(s), and the dose of 3x1015cm-2, 1050 degrees C and high-speed annealing for 10 seconds are 
performed in nitrogen-gas-atmosphere mind, and the gate polish recon film 209 and the source 
drain diffusion layer (N+ diffusion layer) 210 are formed. 
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[0059] (5) Next, make 30nm Ti film deposit the whole surface on the Si substrate 201, as shown 
* n drawin g 3 (e). And perform 600 degrees C and high-speed annealing for 30 seconds in 
nitrogen-gas-atmosphere mind, and it is made to react with the top face of the gate polish recon 
film 209 exposed from the sidewall 208 which consists of silicon oxide 202 and NSG film and the 
front face of the source drain diffusion layer 210, and Ti film, and is TiSi2. The film is formed. 
[0060] (6) After that, remove alternatively Ti film which remains while it has been unreacted on 
the sidewall 208 which consists of field oxide 202 and NSG film by the ammonia filtered water, 
perform 800 degrees C and high-speed annealing for 30 seconds in nitrogen again, and form 
TiSi2 film 21 1 of low resistance in the top face of the gate polish recon film 209, and the front 
face of the source drain diffusion layer 210. 

[0061] It is characteristic to have exposed without the both ends of the gate polish recon film 
209 upper part touching a sidewall 208 in the above-mentioned process of the 4th example. For 
this reason, it sets to the both ends of the gate polish recon film 209 upper part, and is TiSi2. 
The film 21 1 stops thin-film-izing, and it is TiSi2. Since the film 21 1 is formed in homogeneity, it 
becomes low resistance. 

[0062] Moreover, the sidewall 208 upper part is higher than the gate polish recon film 209 upper 
part, and since the slot is formed between the gate polish recon film 209 and a sidewall 208, 
worries about the short circuit between the gate by the overgrowth of silicide, the source, and a 
drain disappear. 

[0063] thus — since thin film-ization of the silicide in the both ends of the gate polish recon film 
upper part can be prevented according to the 4th example — thickness — homogeneity — 
becoming — low — it becomes possible to form silicide [ **** ]. 

[0064] Moreover, worries about the short circuit between the gate by the overgrowth of silicide, 
the source, and a drain disappear. 

[0065] Furthermore, unlike a nitride, worries about fluctuation of the threshold voltage by 

diffusion of hydrogen disappear by having used the sidewall as the oxide film. 

[0066] In addition, although explained taking the case of Ti silicide, Co silicide or nickel silicide is 

also available for this with the above-mentioned example. Moreover, other oxide films are 

sufficient as the PSG film as a gate etching mask. 

[0067] Next, the 5th example of this invention is explained. 

[0068] Drawing 4 is drawing for explaining the salicide process which shows the 5th example of 
this invention, and is process drawing roughly shown with the sectional view. 
[0069] (1) it is first shown in drawin g 4 (a) — as — a known technique — using — the Si (100) 
substrate 301 — LOCOS — form 400nm field oxide 302 by law, and divide an active field. 
[0070] Next, after oxidizing an active field thermally and forming 16nm gate oxide 303, the 300nm 
polish recon film is deposited. Furthermore the polish recon film is processed into the pattern of 
gate wiring, and the polish recon film 304 is formed. Next, 30nm silicon oxide 305 is formed in the 
whole surface, i.e., the top face, and the side face of the polish recon film 304 by thermal 
oxidation. 

[0071] Next, these polish recon film 304 and silicon oxide 305 are used as a mask, and it is P+ 
The ion implantation of the ion is carried out to the Si substrate 301 with the acceleration 
energy of 30keV(s), and the dose of 2x1013cm-2, and it is N as a LDD layer. - A diffusion layer 
306 is formed. 

[0072] (2) Next, make a 220nm silicon nitride deposit the whole surface on the Si substrate 301 
with a CVD method, as shown in drawing 4 (b), and it is N. - Etchback of the whole surface of a 
silicon nitride is carried out until the front face of a diffusion layer 306 is completely exposed, 
and the sidewall 307 which consists of this silicon nitride is formed in the side face of the polish 
recon film 304. 

[0073] (3) Next, as shown in drawing 4 (c), by dipping the Si substrate 301 into a dilution fluoric 
acid solution, remove the upper part of the silicon oxide 305 formed in the side face of the polish 
recon film 304, and expose the both ends of the polish recon film 304 upper part. 
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[0074] Since the etch rate of the silicon oxide 305 by the dilution fluoric acid solution is about 
10 times quick compared with a sidewall (silicon nitride) 307, the upper part of silicon oxide 305 
is alternatively removable as mentioned above. What is necessary is just to perform wet etching 
processing for about 1 minute with HF solution 5%, supposing it makes 300A of upper parts of 
silicon oxide 305 remove. 

[0075] (4) It is As+ as shown in drawin g 4 (d) after that The ion implantation of the ion is carried 
out to the polish recon film 304 and the Si substrate 301 with the acceleration energy of 50keV 
(s), and the dose of 3x1015cm-2, 1050 degrees C and high-speed annealing for 10 seconds are 
performed in nitrogen-gas-atmosphere mind, and the gate polish recon film 308 and the source 
drain diffusion layer (N+ diffusion layer) 309 are formed. 

[0076] (5) Next, make 30nm Ti film deposit the whole surface on the Si substrate 301, as shown 
in draw ing 4 (e). And the top face and N+ of the gate polish recon film 308 which performed 600 
degrees C and high-speed annealing for 30 seconds in nitrogen-gas-atmosphere mind, and has 
been exposed from silicon oxide 305 and a sidewall (silicon nitride) 307 It is made to react with 
the front face of a diffusion layer 309, and Ti film, and is TiSi2. The film is formed. 
[0077] (6) Remove alternatively after that Ti film which remains while it has been unreacted on 
field oxide 302 and a sidewall (silicon nitride) 307 by the ammonia filtered water, perform 800 
degrees C and high-speed annealing for 30 seconds in nitrogen again, and they are the top face 
of the gate polish recon film 308, and N+. TiSi2 of low resistance [ the front face of a diffusion 
layer 309 ] The film 310 is formed. 

[0078] It is characteristic to have exposed without the both ends of the gate polish recon film 
308 upper part touching a sidewall 307 in the above-mentioned process of this example. For this 
reason, it sets to the both ends of the gate polish recon film 308 upper part, and is TiSi2. The 
film 310 stops thin-film-izing, and it is TiSi2. Since the film 310 is formed in homogeneity, it 
becomes low resistance. 

[0079] Moreover, since the slot is formed between the gate polish recon film 308 and a sidewall 
307, worries about the short circuit between the gate ** source by the overgrowth of silicide 
and a drain disappear. 

[0080] thus — since thin film-ization of the silicide in the both ends of the gate polish recon film 
upper part can be prevented according to the 5th example — thickness — homogeneity — 
becoming — low — it becomes possible to form silicide [ **** ]. 

[0081] Moreover, worries about the short circuit between the gate by the overgrowth of silicide, 
the source, and a drain disappear. Since the oxide film as a gate etching mask is not deposited, a 
process becomes easy. 

[0082] In addition, in this example, although explained taking the case of Ti silicide, Co silicide or 
nickel silicide is also available for this. 

[0083] Next, the 6th example of this invention is explained. 

[0084] Drawing 5 is drawing for explaining the salicide process which shows the 6th example of 
this invention, and is process drawing roughly shown with the sectional view. 
[0085] (1) it is first shown in drawin g 5 (a) — as — a known technique — using — the Si (100) 
substrate 401 — LOCOS — form 400nm field oxide 402 by law, and divide an active field. 
[0086] Next, after oxidizing an active field thermally and forming 1 6nm gate oxide 403, the 300nm 
polish recon film is deposited, and it is processed into the pattern of gate wiring. Next, the 30nm 
PSG film 405 is formed in the whole surface, i.e., the top face, and the side face of the polish 
recon film 404 used as the gate with a CVD method. 

[0087] (2) Next, as shown in drawin g 5 (b), use these polish recon film 404 and the PSG film 405 
as a mask, and it is P+. The ion implantation of the ion is carried out to the Si substrate 401 with 
the acceleration energy of 30keV(s), and the dose of 2x1013cm~2, and it is N as a LDD layer. - 
A diffusion layer 406 is formed. Next, the 220nm NSG film is made to deposit the whole surface 
on the Si substrate 401 with a CVD method, and it is N. - Etchback of the whole surface of the 
NSG film is carried out until the front face of a diffusion layer 406 is completely exposed, and 
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the sidewall 407 which consists of this NSG film is formed in the side face of the polish recon 
film 404. 

[0088] (3) Subsequently, as shown in drawin g 5 (c) f by ** which dips the Si substrate 401 into a 
dilution fluoric acid solution, remove the upper part of the PSG film 405 formed in the side face 
of the polish recon film 404, and expose the both ends of the polish recon film 404 upper part. 
Since the etch rate of the PSG film 405 by the dilution fluoric acid solution is about 1 0 times 
quick compared with the sidewall 407 which consists of the NSG film, the upper part of the PSG 
film 405 is alternatively removable as mentioned above. What is necessary is just to perform wet 
etching processing for about 10 seconds with HF solution 1%, supposing it makes 300A of upper 
parts of the silicon film 405 remove. 

[0089] (4) It is As+ as shown in drawing 5 (d) after that. With the acceleration energy of 50keV 
(s), and the dose of 3x1015cm-2, the ion implantation of the ion is carried out to the polish 
recon film 404 and the Si substrate 401, 1050 degrees C and high-speed annealing for 10 
seconds are performed in nitrogen-gas-atmosphere mind, and the gate polish recon film 408 and 
the source drain diffusion layer (N+ diffusion layer) 409 are formed. 

[0090] (5) Next, make 30nm Ti film deposit the whole surface on the Si substrate 401, as shown 
in drawin g 5 (e). And perform 600 degrees C and high-speed annealing for 30 seconds in 
nitrogen-gas-atmosphere mind, and it is made to react with the top face of the gate polish recon 
film 408 exposed from the sidewall 407 which consists of silicon oxide 405 and the NSG film and 
the front face of the source drain diffusion layer 409, and Ti film, and is TiSi2. The film is formed. 

[0091] (6) After that, remove alternatively Ti film which remains while it has been unreacted on 
the sidewall 407 which consists of field oxide 402 and the NSG film by the ammonia filtered 
water, perform 800 degrees C and high-speed annealing for 30 seconds in nitrogen again, and 
form TiSi2 film 410 of low resistance in the top face of the gate polish recon film 408, and the 
front face of the source drain diffusion layer 409. 

[0092] It is characteristic to have exposed without the both ends of the gate polish recon film 
408 upper part touching a sidewall 407 in the above-mentioned process of the 6th example. For 
this reason, it sets to the both ends of the gate polish recon film 408 upper part, and is TiSi2. 
The film 410 stops thin-film-izing, and it is TiSi2. Since the film 410 is formed in homogeneity, it 
becomes low resistance. 

[0093] Moreover, since the slot is formed between the gate polish recon film 408 and a sidewall 
407, worries about the short circuit between the gate by the overgrowth of silicide, the source, 
and a drain disappear. 

[0094] since [ thus, ] thin film-ization of the silicide in the both ends of the gate polish recon film 
upper part is prevented according to the 6th example — thickness — homogeneity — becoming 
— low — it becomes possible to form silicide [ **** ]. 

[0095] Moreover, worries about the short circuit between the gate by the overgrowth of silicide, 
the source, and a drain disappear. 

[0096] Furthermore, since the oxide film as a gate etching mask is not deposited, a process 
becomes easy. 

[0097] Moreover, unlike a nitride, worries about fluctuation of the threshold voltage by diffusion 
of hydrogen disappear by having used the sidewall as the NSG film. 

[0098] In addition, according to the above-mentioned example, although explained taking the 
case of Ti silicide, Co silicide or nickel silicide is also available for this. 

[0099] In addition, this invention is not limited to the above-mentioned example, and based on 
the meaning of this invention, various deformation is possible for it and it does not eliminate 
these from the range of this invention. 
[0100] 

[Effect of the Invention] As mentioned above, according to this invention, the following 
effectiveness can be done so as explained to the detail. 
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[0101] (A) since thin filmHzation of the silicide in the both ends of the gate polish recon film 
upper part can be prevented — thickness — homogeneity — becoming — low — it becomes 
possible to form silicide [ **** ]. 

[0102] (B) Worries about the short circuit between the gate by the overgrowth of silicide, the 
source, and a drain disappear. 

[0103] (C) When a collimation spatter or a long slow spatter is used for membrane formation of 
Ti, step coverage improves. 



[Translation done.] 
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^iSt§Ch*^t§o '>Un>BMUl 1 0 6<D± 

ac*3ooAi»£s-&si:'rst. 5%hfjs^t^p 
sGiio5*»m 5i#a#m#rao*x-y hx 

[0 0 3 4] (4) *<Df£. HI (d) ICjjVT <k 3 IC. 
A s + ^f^>^5 0 k e V<D*naxiM/:F— Rtf 3 x l 
0 15 c m- 2 O K-XiT* U U 3 VI 1 04^S iS 
« 1 0 1 tc^*>&AU gSR#B«4»T? 1 0 5 0°C. 

H09 v Vr-X • FW*10M.(Nt .««■) - 1-1- - - 

[0 0 3 5] (5) HI (e) tC^T £ 5 fc:, 3 

0 nmtOT i S i g}g 1 0 1 ±<Dl£ffiia$^2*£ 
%o LT> iiHiM*^6 0 0°C. 3 0f*HOSiS 
Tx-jl/*f?i,\ 7>r-;l/FKftlKl 0 2Sr5-9->T 
t-;H0 8^ £fidJ LT^S h # U ^ 'J3>ll 
0 9 0±BSffy-X • FW >t£»Jl 1 1 0<DgM£ 
T i mttfcfcZ^T. T i S i 2 I^Mt^o 

[0 0 3 6] (6) 7 — 71/ FKftil 1 0 2& 

F^# — ;l/l 0 8±JC*Sj£OSS«oTV^T 

i^T^xTiS^kTSKWici^SL, mummer* 
8oou 3o»Hosa7--;u«ffoT, y— h# 
u^yn^Mi o9co±ffi^t;N + mh i ooii 

tcffiffiSxOT i S i 2 BS 1 1 1 %mtftfZo 

[0037] ±Exat*:*5v^T, wawftott* y-F 

# U^«J3VH09 ±«B<OHfllB»*^>f F * * 1 

-b#visva>mi o 9±^commmc^TT \ s 
i2 mi i i «ft L'a < a o ^ Tisiaiin 

[0 0 3 8] y-MUS/UsvIl 0 9±gpj: 

DiM 0 8±35#iS<. fro. y— 

->Ur3VKl 0 Qfc+M'F**— ;l/l 0 

y-hfcV-X, FU-Y>HO)S*SOiL«^«:<a:5o 
[0 0 3 9] C Ocfc -5 tc^ 1 ^Sa^JtC J;tl^\ y-h# 
g U n >K±8PtDWiSSPtcfett S 'J -9-^ FOSIHfk 

taa^U-9-^ F^r^-r^ £ ttfvjmtftZo 
[0 0 4 0] £fc, 5/U*-YKO*-^-yn-XlcJ; 

sy— F£ v-x, f u-r vwos^o^iB^a < a 

So 

[004 1 ] ±fe*8S0UT&. t i f* 

<5»nci:DBiWLfc*^ CMCo^'J^ FT*t>N i > 



(5) 
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[0 0 4 2] MK, htfUS/UnvaoS'UU^K 
tO 0 4 3] H2tt*»WO*2*«i«*iS , ry-h5R 

[0 0 4 4] COfgffiMtC&^Tte. 0 UC^ Ucgl 

ii) 108. h * y u n yffliffififtis i o 6, t 

iSizIll 1<Z)B&;£S\ ^tlfnHg, Hsw/H 10 
s, Htstt5i:l Hg>Hs. Hsw>Hs, H 
t s g - H s fcftoTt>S»I*^faTfeSe 
[0 0 4 5] C©cfc5lcS2^ffi^C<fc*Uf, y-h# 

y v.y 3yno9 ±s$£i^F-a*— i o.8.*^ra 

h^y 3>s i o 9±s«i«stcfe^t, ->y-9- 

T\ Ti Siz II 1 1 ^P- XlC<fc&y— 20 

[0046] conmmviz. ^v^^mitm^ 

[0 0 4 7] *»BB^»3*aSffllfc:'3i/^TKWr 

[0 0 4 8] C<D$mm~eit* *#>l><D7>rtv$JM&L 

fbfcBJStf* imtnftT i S i 2 «4Mf*feOkt 
£<> S 1 iffiM^fst, HI (e) XglcteW- 

tnST i S i 2 JK*f#* 

[0 0 4 9] C©<fc5lC^3*ffi^C<fc4Uf* TiOS 
Jgtcny hX/<7^$fdin^xn- X/Vy 
m t ^ <fc 9 IC L fc £>T\ Xf7^^U7 SWrSLt f 

* 0 Lfttfot, y-h^y->y3>iK±tc^iRsn^ 40 
fgsfex^T i s i 2 ^^-r^c^^pjftih^So 

[0 0 5 0] CO^ffiffJT'l^ T i S/y-fr-f F* 

y-9-^ FTt*toav\ 

[0 0 5 1] ^tC. *»WOS4^Sfie!ltCOl/^TBiWr 

[0052] 03 «*«w<os 4 $mm*7&r*y y 

F^ r P-feX«IHB^-r«fc«>OHT-fet). ffilKfeot 
Rl6WK:*LfcXSBI^«*o 50 



8 

[0 0 5 3] (1) i3 (a) tC^-r<fc3JC, St 

tt©SMffl^T> Si (100) Sfi20n:LOC 
OSStaO 4 0 0 nm07-<— 7bF»ftffi2 0 

«*J»MftUT 1 6 nm<Dy— F»ftJK2 0 3*JBfiEL 

TA^3 0 0 nmO^y ->y nvfli^ttS-r^o 

2 0 0 nm©PSGl*ilLTA^ Ctl^'J^ 

P S Gffi*y-FK»<D^*-:/tctaxu 

*yS/y3>HB2 0 4, P SGM2 0 5*jFgfiR-rSo 
[00 5 4]^ »ba!)30nm^>U3y|[ 

ftK2 o 6*y-M»MJt:jgj«-r«o cn^opsGi 

2 0 5. 3Hy^yn>K2 0 4Rtfi/yn>K<tK2 0 
6^X^fcLTP + >f*>#3 0 k e VOtaiSx*;!/ 
^-Rtf2x l 0 13 cm- 2 <D-F^-XST*S i SS-2 0. 1 
fc-Y^&ALT. LDDl^LTON- JEtiJH 2 0 7 

[0 0 5 5] (2) 2 2 0 nm<DN S GH V 

l/F-ZmitM) *C VD8TCS ili2 0 1±<D£S 
ictUSS*. 03 (b) lC7jk?£5lC, PSG1205 
4Xhffi*5<ktfN- t£!Wf 2 0 7 (Dmffitfrt±lcm&T Z> 
$T*NSGlOM^X^fM7^lt, CiDNSGl 
^&4S-9-^ K^t-;V2 0 8** l J5/'j3yl2 0 4 
MPSGI2 0 5 ©WlIfcJBjtfrrSo 

[0 0 5 6] (3) ^fc. 03 (c) ^ti^il, S 

, J^ , J3>12 0 4±<DP S GM2 0 5*aj?WtC|»S 

X>y hX 7 f^ilrlT^^> , ;3>l2 0 4 (DWffilC 
JB«Ufc^y3y»ftlH2 0 6(D±»fel»*UT. *U 
i^y 3>M2 0 4±a5(DSSiS«:BtHS-li:So 
[0 0 5 7] ^fll^^KSjStclcfcSP SG12 0 5<DX 

6^N S GH2 0 SiCtt^X 1 0fgifi< £>il<, 
«J3>I2 0 4lClt'<3£ 1 0 0 t8WL±t>M^<DT\ ± 
5$0£<5tCP S GI2 0 5*aiRWfcB££^*Cfc#-? 

^yn>Sft)K2 0 6 04fPtt4<±«0 
**R£tSCitfT*t«o y n VKftlH 2 0 6 (0± 
gtf£:3 0 0 A|S£££-tf££:-r££s 5 %H FrS&T'fci: P 
S GI2 0 5Rj&&3l$8N?tt 1 »BO*Xy hx^f 

[0 0 5 8] (4) 03 (d) tc^*r<fc?tc 

As* -f^V^:5 0 k e V(0*Piix^;l/^— SCF3 x l 

0 15 cm- z (0K-XlT^ I J>"j3yi2 0 4i:S iS 

S2 o i t^t^At, mmnmu^x losot, 

12 0 9, V-X- FU>f>tt»» (N + ffi^g) 2 1 

o 

[0 0 5 9] (5) 03 (e) tC^-TctdtC, 3 

0 nmOT i M^S i S« 2 0 1 ±<D£®tCt§^£-£ 



(6) 
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9 



10 



T--)lt£ftl\ ^'Jny»<ti20 2MNSGI^ 
SaSi^-r F**— 7l/2 0 8fr5»ttiLTl^5y— h# 

2 1 OOaffi^T i ^£KJS2-£T. T i S i 2 m%B 

[0 0 6 0] (6) ;l/F»{fcBt2 0 2R 

tfN S GKfr5ftS^ F^*-/l/2 0 8±tc*SiSO 

sssot^st ini*Tv*-7ia*i?aww«t:i»£ 

U IVt^jR4>7*8 OOt, 3 Ofj^OBfJiTx — 
• 1 0<D3tffi*Cfg*g}n<DT i S i 2 Si 

2 1 i *jgflc-rso 

■«4.. y- h * u ^ y n 2 0 9 ±*OW«»*i1t>f F 
V*— 71/ 2 0 8 fcSL&V^eBfflLTV^Cfc-CSSo 

v>tt i s i 2 i2 i i tf»«fkba<at). t i s i 
2 i jc«««n*©-effi«in:k:a*o 



[0 0 6 2] Sfc. H*U^U3>I2 0 9±gfl<fc 
S+M' F">* — ;l/2 0 8±SWg<> fro. y— h#y 20 
>"J 3VJR2 0 9 fc+M' F*>*-/l/2 0 8ffltc»^jfg« 

[0063] <KD<katcS4Hffliwcititf. y— h# 
y y n ym±^cDmmmc^f^>iy y Fo*«fk 

sta^yiM F***r«c ttfinsmtftZo 

[0 0 6 4] gfc, i/WJ F<D*— M-ya— xicj: 

*y-Ftv— Fw>ra<DS»OiL«^a<ft 

&o 30 

[0 0 6 5] 2 F^*- 7b*KfbJ»fc Ufcd 

[0 0 6 6] &*5. ±lB^Sfi»JT?«, T i ->U-9--T F# 
«fc:fct)IHWbfc*\ c *Ui C o »J FT*feN i z/ 
'JIM Ft^St)^^ *fc, y-hx>yfv^x^ 

[0 0 6 7] ^fc:. *»BBO»5*JKffiltCOV^TI«Wr 

So 

[0 0 6 8] i 4 5 U 40 

[00 6 9] (1) 14 (a) lC7r.T&5lc. ffi 

Jntf>fitl5*fl3^T. Si (1 0 0) S«3 0 HCLOC 
O Smc£D 4 0 0 nm^7>f-;l/Fmi3 0 2 *Jg 

[0 0 7 0]^:, 7*f-f7««*««ftLT16n 
moy— FKftM3 0 3*MLT^5 3 0 0 nmO* 

^>y3yi«:*an 0 *6tc#y^U3>iR*y- 



3 0 5*#U >"J 3>I3 0 4 0M ±SR 

[oo7i]»c, cn6cD^y->y 3visi3 0 4Rtf 
->y 3^»fbiR3 0 s^vx^tcbT, p + -r^->^:3 

0 k e V(DJlD5iX^7l/4 r — Stf 2 X 1 0 13 c rrr 2 <D F— 
Xit'S iSfi3 0n^*>iiAlT, LDDl^L 
TON- S$13 0 6*Mn o 

[0 0 7 2] (2) 04 (b) tCTjVT £ 3 2 

2 0 nmOS/'J 3>gftK*.C VDS^S i lfi3 0 1 
±0^ffitC*t«*^ N- S£»JB 3 0 6 Ogffi^^C 

T, c<Di/'J ^SffclKfr^JsR*^ F*>*— 71/ 3 0 7 

**.y iyy nvi3 0.4 0fflJffiicjgj£-r3 0 - 

[0 0 7 3] (3) 04 (c) ICtjVT £ 5 lu . S 

1 3*3 0 1 *S&3R7y»jSffi^i:S-rci:Jc<i;0. * 
y y n >JK 3 0 4 (DMMteBfit L > V n >@£{t:§i 3 

0 5 0±3P«rl»*LT3Ky->y 0 4±gfl<D[3PS 

[0 0 7 4] #«?7»yBg}S«JCck«^y3^i6ftlS3 0 
SOx^^-vyjSfiii, IMF**— 71/ (^ynvfift 

i) 30 7tcjt^&£ 1 ofgj£< t>m^(Dx% ±&<d& 

■5 5/ y 3 >8MfcM 3 0 5CD±ffi>%mtRmcm£;'f2>£ 
ttfVZZo '>y 3>^tH3 0 5<D±&%3 0 0 AB£ 

hx7f> y»a*fr * <fc v ^ 

[0 0 7 5] (4) *<D», 04 (d) iCflVT^-MC. 
As + -I'ty^: 5 0 k e V«x^l/^J;tf 3 x 

1 0 15 c nr 2 <D F— XgT*# "J y n >H 3 0 4 i: S i 

as 3 0 1 ic-r^axu ^riibm^t ioso 
1 0OTo;ia7x-;i/^f7oT> y— h*y ->y 

0 y-x- FWyffiti (N + ttttH) 

3 0 9*Mn o 

[0 0 7 6] (5) 04 (e) lC^*TJ;3^, 3 

0 nmOT i M^rS i SS3 0 1 ±(D^ffitcti©^-ti: 
So ^*LT, iffiM^T 6 0 Ot, 3 0§WilI 
7x-/^|fl\ S/y3>IMUi3 0 5M^ F** 

— ji/ (^yn^MtM) 3 0 7^5>swLTi/^y-h 

^'J>"J3>I3 0 80±IWN + t«i3 0 9O« 

ffii:T iMi:SlS^^T, T i s i 2 M^ffM*r^o 

[0 0 7 7] (6) *C0» X 7 ^ -71/ FKftM 3 0 2R 
ZfV'f F^*— 0>y 3>a{tK) 3 0 7±K:*£JE 

*U StfS*«t>T8 0 or. 3 0#H<DlSa7'x— ;]/ 
^rfToT. y— h^y S/yb>Bl3 0 8cO±ffi43<ttfN 
+ ffi^3 0 9(Dmmci&1&irL<DT i S i 2 §13 1 0£r 

[0 0 7 8] CO*iM©±Elifc*^TW«WftO 

y- h * y y a >k 3 0 8 ±»owfiB»*^^ f 
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jS^TT i S i 2 13 1 0^»H{tL*<»0. T i S 
[0 0 7 9] y-h^'J>"j3yi308i:^ 

F^*— ;i/3 o 7 ffiizmtfBf£2tiT^&<DX\ s/y-y- 

[0080] c <0c£ ^tcgf 5 ^sgwtc^n^ y— f# 

y i/ y n >IH±fflOMiSfflJci3tt S S/ U i^-r FOSJHfb 
[0 0 8 1] £fc. ->Uit-r F£>*— if a— X&C<fc 

*y-F£v-x. fw>Pb e io^*§o^be^<^ 
^fc^o^xgawtuc&So 

[0 0 8 2] C©**0K*5V^T, T i i/W>f 

[0083] *^<oS6ll3S6ffy^c'^v^TB^wr 

5o 20 

[0084] «*?ew<o^ 6 ^mmttjr^r^ y -9*^ 

F^n-feXSrlttWrsfcfeOH^feO, ftrffilU^&oT 
MBS W ^ L fc Ig 0 "CS £ o 
[008 5] (1) $?\ 05 (a) ICtt,-? £olZ, ffi 

fcuoaw^JB^T. Si (ioo) Sfi4onaoc 

0 SffitCi:t) 4 0 0 nm07^— ;l/FKfb)K4 0 2 £:Jg 

[0 0 8 6]*C, 7^TW y««**8IMbLT 1 6 n 
mO^— F&fLJ»4 0 3^Mlt^f>3 0 0nm£D* 

£o CVD®at)30nm(?)PSGl405 

±nat;«iffijc:»j«'r*o 

[0 0 8 7] (2) H5 (b) tc^rTJ;-?^ £ 

ne>^u^U3>i4 o 4Stfp s ci4 o 

^tcLT, P* -fsl-V*3 0 k e VOftpJSx^;!/^— R 
2 X 1 0 13 cm- 2 © K-XIT* S i 1^4 0 1 iC^^r 
>itALT, LDDJf^LTON" Ml4 0 6^M 
t5o St, 2 2 0 nmON S GIR&C VDST'S i S 
«4 0 1 ±CD£ffilC*fMg£-t!\ N" ffll4 0 6^gi 40 
3b^^tCiSttJ*r^^^N S GlOiffi^i7f^7^L 
T\ CON S GI^^§^ F>>t-;I/4 0 7 

^UnyR4 0 4OllilcjBi8«o 

[0 0 8 8] (3) B5 (c) fcjjVTJ: 5 IC. 

S i Sfi4 0 l*S«?7*yffiSiR*^iS-rcJc<J:?). * 
U U 3 >M 4 0 4 <0«B5fcUBj«Lft P S 4 0 5 <D 
±^£lt^'J>"Ja>l4 0 4±8B(OWfiS*Bffi 
ftffl^BHSfflcfclcfcSP S G§|4 0 5(0X7f 
NSG«**&J«*1MK'**— /l/4 0 7fc: 
Jt^T 1 0fg)fi< fcji^£>T% ±a?0£-5lcP SGI4 so 



12 

14 0 5<D±£tf£:3 0 0 AE&££-£3 £"T£ 1 %H 

[0 0 8 9] (4) ^5 (d) K^t" £ 5 

As + ^*Z/*5 0 k e VOJraSx^M^—^tf 3 x 
1 0 15 cm- 2 OK-XiT\ #'J^U3>I4 0 4 i:S 
i SS4 0 1 ^^t>aAl, S3R»H5(*T* 10 5 0 
1 0#P^SjS7-~;b«:tToT. F#y$/y 
3>I4 08, V-X- FWVMll (N* ffif&B) 
4 0 9§Mt5o 

[0 0 9 0] (5) 3*tfC, H5 (e) tCjjrfJ: 5 3 
0 nm(DT i S i SIS 4 0 1 ±<D±ffifc: 
§0 ^UT, li#ii*t.6.0 0t, 3 0 ©RaoiBig- 
7^-;I/*fTV\ fV^>m<tm4 0 5&tfN S G» 
6J0c£*M K**— ;I/4 0 7fr6»ffiLT^3y— F# 
U > U a >M 4 0 8 OlIRtfV-X • F W ^tetWf 

409 o^si: t i mtfcj&z&x, t i s i 2 

[0 0 9 1] (6) %<D'ik, 7 -< -;!/ F&ftfli 4 0 2 & 
tfN S GMfr&jjJSIM F*>* — /V4 0 7±(C*SJSO 
SISoTi^T i!8*7> ; E:^7'a*T*a«Wti:|»* 
U It/l^T^OO^ 3 oe^OiffiSlT^— ;b£r 
ffoT, h # U 'J a >I 4 0 8 ©±BM V-X 

• F WV46SW14 0 9<D*n^te«tn;<DT iSi 2 I 
4 1 0 Z 0 

[0092] m^mm<o±M^^mz^x^m^(o 

tt. y— F U ^ U 3 VIK 4 0 8 ±8BOMflSffl^-9->r F 
^*-;l/4 0 7 fcg^ftl^RfflLT^SCfc-e£5o 
CCDrc&f— F#'J^'j3yl4 0 8 ±a5cOl^ffia5tC^5 
l^TT i S i 2 §14 1 0^»«{kb*<*0> T i S i 

2 |4i 0 6^-tcjga*n*©"e«»*n:»«:a:*o 

[0 0 9 3] f-F^U^UDyl4 0 8 ^^ 

«{ F<D*— yn— Xlc<fc;sy— K t V— X, FW 
[0 0 9 4] CO«fc«5^S6^3Sfi^JlC<tni^ F* 

* >f F pjgg fc * 5 0 

[0 0 9 5] ^/c. ->U^ FO*-/^-yn- Xtc,fc 
§y-Fi:V-X, FU-f>HOS»<DiL«^ft<ft 

[0 0 9 6] ^^>tc. y-Fxyf^TX^tlTO 

[0 0 9 7] -9->T F«>*-;l/*N S GMtLtcC 

[0 0 9 8] ±te^jS?SCTtci:ntf. T i i/VDr^f 
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[0099] *&wii±mmmmicm7£2n%t> 

[0 10 0] 

[0 10 1] (A) y-h*U^U3>K±»<0PfiB» 

[0 10 2] (B) S"J1M F©*— ^D- XlC<fc 
[0 10 3] (C) TiOiltcaU^-h^W^^ 
[HffiOBWi&UiBJl] 

[^ 2 ] *sswo» 2 $mm*iFcrv- v x u 



[B3] *:^om4^$gfi?iJ^'r^t;^-rK7 p n'trX 

ess] *»wo»6*«i«*^ , r-9-y-9->rKyD-fex 

101, 201, 301, 401 Si (100) I 
10 <g 

102, 202, 302, 402 7-f — ;1/ FKffcBI 
1 0 3, 2 0 3, 3 0 3, 4 0 3 y- MMfcM 
104, 204, 304, 404 #Uv"j3Vl 

1 0 5, 2 0 5,-4 0 5- R S.GIB. - 

1 0 6, 2 0 6, 3 0 5 ^ynvBfUB 

1.0 7, 207, 306, 406 N" SSIWf 

1 0 8, 2 0 8, 3 0 7, 4 0 7 +^ F£* — ;l/ 

1 0 9, 2 0 9, 3 0 8, 4 0 8 

20 1 1 0, 2 1 0, 3 0 9, 4 0 9 V— X • F W> 

111, 211, 310, 410 T i S i 2 m it/ 
"J1MF1D 



[0 2] 



(a) 




Hsw Hg 



109 111 



(b) 




103 : hBtffcR 

104 : #»J i/«J 3>R 
106 : i/ 'J □ ^BMLR 

108 : tf-f + 

109 : y— h 'J U 3 

ni : t i s i * R (*>y^-r kid 



[0 3] 



(a) 



(b) 




207 

205 

206 -^fS^^r— 208 
204 




r 



33 

203 207 



202 
201 



(c) 



<d) 



(e) 



206 
204 




208 



£3 



C3 



203 207 

"™ ■■ b ™ n 



202 
201 




203 207 210 
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[HI] 



[84] 



(a) 



(b) 



(c) 



(e) 



105 

106^ bbbtf 103 
104 



305 



m 



107 



102 
101 





103 107 110 



(a) 



(b) 



(e) 



304 



~ 4H 



303 

S- 



306 



302 
301 




306 309 




306 309 



[86] 



(a) 



21 



14 



13 15 



12 
11 



Cb) 



21 

«V 14 



13 15 



12 
11 



(c) 



22 14 




15 13 17 



Cd) 



23 14 




15 13 17 



(10) 
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[H5] 



(a) 



(b) 



^402 




405 404 



(c) 



(d) 



(e) 




406 409 



